Formative market research is the first step in developing evidence-based sanitation marketing programs. In Malawi, the design, implementation and evaluation of rural sanitation marketing programs has been limited. This study applied a mixed methodological approach to examine the dynamic interactions between the supply and demand of sanitation in three rural districts. The supply assessment identified an extremely limited range of latrine options. Sanitation suppliers reported very low household demand for their existing latrine options. An additional constraint reported by suppliers was householders' perception of a hardware subsidy for latrine construction.
INTRODUCTION
Top-down, supply-led approaches to sanitation programs have failed to generate sustained improvements in sanitation coverage in countries with developing economies (Cairncross ; Jenkins & Sugden ). In response, a growing consensus has developed amongst donor agencies, development organizations and governments to engage the local community to generate demand for sanitation (IWA ;
Murray & Ray ). Two common approaches to support community engagement and generate demand for sanitation are; community-led total sanitation (CLTS) (Chambers ) and sanitation marketing (Cairncross ; Jenkins ) . To date, there are limited published accounts of sanitation market research conducted in rural Malawi. The main aim of this study was to investigate the dynamic interactions between the supply and demand of sanitation in three rural districts. To achieve this aim the study's objectives examine the supply and demand of rural sanitation through:
• Examining existing latrine options together with the practices and perceptions of sanitation suppliers.
• Identifying the constraints and motivations of householders to construct a latrine.
Examining the dynamic interactions between sanitation suppliers and householders can reveal important gaps in an existing sanitation market. Cairncross () suggested that existing sanitation suppliers often fail to offer a range of latrine options and predominantly target only the wealthiest households. Lack of access to sanitation products that allow households to move up the sanitation ladder was identified as an important constraint in the evaluation of sanitation programs in Zimbabwe (Whaley & Webster ) . In Asia, the development of innovative products and services was recognized as an important driver for increased demand for sanitation (Sijbesma et al. ; Baker et al. ) . Understanding the relationship between existing latrine options, suppliers and householders provides a foundation for the development of evidence-based sanitation marketing programs.
Understanding the motivations, opportunities and abilities of householders to purchase/construct a latrine provides insights into the determinants of demand in a sanitation market (Jenkins ) . Motivation includes the social, physical and emotional drivers to own a latrine (Devine 
SITE SELECTION
The three rural districts chosen were Nkhata Bay, Dowa and Mangochi (Figure 1 ). Nkhata Bay and Mangochi were chosen due to their proximity to the lakeshore.
Lakeshore districts, with sandy soils, were reported to have high rates of open defecation due to collapsing pit latrines. Dowa was selected to represent a district with clay/loamy soils. The next administrative level below the district is the traditional authority (TA).
Within each TA, one group of villages was selected using the following criteria: more than 3 villages and/or population greater than 300 households and not more than 90 min drive from the central market place. Local government staff were asked to select a group of villages that represented typical population density and occupations in the TA.
METHODS
The research methodology was influenced by previous formative research conducted in Benin ( Jenkins & Curtis ) and Ghana ( Jenkins & Scott ) . The research tools were predominantly derived from Jenkins ().
The research instruments and tools were trialled and pre-tested for one-week prior to use. The study applied a mixed-methodology that utilized qualitative and quantitative methods to investigate the existing market for sanitation. Three research tools were used: in-depth interview, focus group discussion (FGD) and a close-ended, pre-coded questionnaire survey. Table 1 shows in-depth interviews were conducted with:
(1) household heads and (2) sanitation suppliers. For each group a discussion guide was pre-tested and revised. If an In-depth interviews were conducted by the first author with a translator. Interviews were conducted in Chichewa or the local dialect. All interviews were recorded and transcribed to English by an independent translator. Additional interviews were conducted by two local environmental health officers (EHOs). The EHOs were trained for one-day prior to commencing the interviews. The training covered the intent of the research, ethics and discussion guides.
Gender segregated FGD were conducted at each study site. The participants were identified through informal discussions with the village chief and local HSAs. The participants were selected to include households with and without latrines and with a wide range of age groups (18-68 yrs). Food and drink was provided during the discussions.
The key themes and statements were recorded by an independent translator and scribe. Key statements from the transcript were coded into themes (Catterall & MacLaren ) .
Three local surveyors were trained for one day in the delivery of the questionnaire survey and recording of 
Ethical considerations
Murdoch University's human ethics committee approved the research. All participants were informed of their right to not participate in the research. The participants were informed that all comments would be recorded anonymously. The outcomes of the research were described and discussed with all participants. The research tools did not encourage or promote any specific sanitation options or promote any specific set of responses.
Limitations

Geographical coverage
Malawi consists of 28 districts. This study examined only three districts. The study sites were selected to focus on sandy soils. It is recognized that within each district there is wide variation in socio-economic, cultural and environmental conditions. For example, in Dowa the study site was located in the eastern region of the district. The eastern region does not grow tobacco, whereas the western region is a large supplier of tobacco. Growing and selling tobacco would have a substantial impact on the socio-economic condition of the households. It is important that the findings of this study are interpreted in the context of their limited geographical coverage.
Reliability
The structured survey, in-depth interviews and FGD guides were all pre-tested and revised. Logistical and financial constraints determined the sample sizes for the structured survey (n¼221). The moderate size of the sample reduces the statistical power and hence the level of confidence that can be placed on the findings. There is also the risk of clustering in each village, whereby results for one village are influenced by each other and therefore should be regarded as only one data point. In-depth interviews were conducted until saturation was attained i.e. no new topics of discussion were introduced during additional interviews. The FGD were used to validate the key findings from the in-depth interviews.
Recall and interviewer bias
The householders were asked to recall their previous purchasing habits of latrines. In some cases, the purchase had Researcher bracketing: Existing biases and pre-conceptions were discussed during the one-day training sessions with EHOs, aEHOs and HSAs.
Triangulation: Findings of the EHOs were triangulated with the findings of the first author during a one-day workshop in each district.
Member checking: Prior to leaving each district, the findings were presented, discussed and verified/refuted through discussions with assistants to the village chief.
Insider bias was a potential risk in the FGD as the village chief and HSA selected the participants. This risk was minimized through discussing topics that had been captured during the one-to-one interviews. This allowed the research team to triangulate findings between the interviews and FGDs.
RESULTS AND DISCUSSION
Supply assessment
Existing latrine options represent extremes in cost and durability
The study found an extremely limited range of latrine options was available at each of the three study sites (Figure 2 ). In the sandy soil sites, only three options were identified. In clay soils, only two options were identified.
In study sites with sandy soils (Mangochi and Nkhata Bay), temporary latrines were predominantly unlined pits (hereafter 'unlined') or pits lined with a woven basket frame (hereafter 'nkhokwe-lined'). Circular pits were dug to a depth of 2-3 m and width of 1-1.5 m. The pits had no supporting structure around the collar of the pit. Slabs were constructed using local wood and smeared with clay.
Nkhokwe were assembled using local trees and reeds and are scaled-down models of cages used to store maize (see Photo 1). In Mangochi and Nkhata Bay, brick-lined latrines had a rectangular pit with a depth of 2-3 m and width of 1-1.5 m. The walls were brick-lined with cement mortar. A cement slab was placed across the brick collar of the pit to create the floor of the latrine.
In Dowa, with clay soils, two types of latrines were observed. The first type, referred to as temporary, had a rectangular, clay-based unlined pit (3 m depth, 1 m width) and wood slab, which was prone to termite attack and rotting.
The permanent latrine type also had a rectangular, claybased unlined pit (3 m depth, 1 m width) but this was accompanied with a cement or stone slab. These slabs are resistant to termite attack and are impermeable to water.
The stone slabs were sourced from hills surrounding the villages. These findings demonstrate the role of the surrounding environment, particularly its soil structure and availability of local building materials, to dictate the availability and type of existing latrine options in the three rural sites.
The estimated time-in-use of a latrine was determined by asking the household two distinct questions in the could result in the dissemination of negative customer reviews of nkhokwe, which could adversely impact uptake rates. The higher usage rates of nkhokwe in Mangochi may be due to; more effective demand creation, effective Cambodia where hardware subsidies programs were reported to constrain householder demand and market growth (Baker et al. ).
Existing supply is male dominated
Only male suppliers of latrines were identified in the three study sites. It was identified that women do not engage in digging latrines as the activity is similar to digging a grave.
EHOs reported that cultural norms dictate that only men can dig a grave for an adult. Alongside these cultural considerations, the majority of female interviewees in Nkhata
Bay and Dowa expressed an interest in constructing latrines, supplying latrine-related materials and marketing of latrines.
'Don't you forget about us, we can also be involved in supplying latrines. Why not? We can run our own business, so why not this one?' 
Demand assessment
Key constraint to construct an unlined and nkhokwelined latrine is their poor durability
During the interviews and FGD, three sub-themes were identified in relation to the poor durability of unlined and nkhokwe-lined latrines. They were; existing latrine options had failed them, fear of children using unlined latrines and inability to construct latrines during the rainy season.
Existing latrine options have failed them
In districts with sandy soils (Mangochi and Nkhata Bay), unlined and nkhokwe-lined latrines were observed to collapse in two ways; (a) total collapse of the internal pit or Product attributes and social drivers are key motivators to construct a brick-lined pit latrine
Householders reported product attributes and social drivers were important motivators to construct a brick-lined pit latrine.
Product attributes
Formative market research can identify the product attributes that are most important to the target audience (Devine ) . The questionnaire survey found cleanliness was the most commonly stated advantage of owning a latrine. In-depth interviews unpacked the term 'cleanliness'
and found it related to an overall reduction in the effort to maintain and operate a latrine. The reduced operation and maintenance included the ability to wash the slab clean.
'The inside must be cement to allow for easy and fast cleaning' (Female, Mangochi, 45 years). The second component to reduced operation and maintenance was not rebuilding a temporary latrine every year. 'Building a latrine each year is so much work. We had to collect grass, wood and then dig the pit. And I had to cook for the men and collect water. It was hard work, but now we have a good latrine and I don't have to worry about any of that' (Female, 62 years, Nkhata Bay). Analysis found that householders' expectation of high costs associated with brick-lined latrines was not justified.
Social drivers
The results in Figure 5 were calculated from data collated in the structured survey (n¼159), using the formula:
Cost per year=Total cost of latrine (materials+labour)/ Estimated time-in-use Figure 5 illustrates that costs per year of brick-lined pit latrines were similar or less than the costs for unlined or Experiences of village saving groups were mentioned but criticized for their high interest rates. 'The local saving group is too expensive, they charge high interest rates, you have to pay 50% interest' (FGD, women, Dowa). In Mangochi, very low awareness of MFIs was expressed; this was accompanied with no interest in accepting loans. 'We don't take loans from banks here, I would prefer to save' (FGD, male, Mangochi).
Future sanitation marketing programs would need to be tailored to account for the wide variability in awareness, access and acceptance to MFIs in rural districts.
CONCLUSION
Overall, the research indicates the three study sites offer fertile environments to apply sanitation marketing approaches to improve sanitation coverage. The research demonstrates that demand for latrines is currently not matched with the supply of affordable nor desirable sanitation products or services. The development of affordable latrine options that respond to the householders' preferences and needs could act to re-stimulate demand. On the supply side, the development of locally-sustainable business models will be required to ensure sanitation suppliers are motivated and engaged to match the demand for affordable and desirable latrines.
Cultivating demand whilst matching it with adequate supply will require the design, testing and refinement of an integrated sanitation marketing program. A simple and rigorous monitoring system must accompany future sanitation marketing programs. The monitoring system would allow practitioners and policy-makers to make evidence-based decisions to refine and adapt rural sanitation marketing approaches in Malawi.
